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(57) [Abstract] 

[Objective] It designates natural gas as fuel, it designate 
s that co-vit- reesi * A/ system which decreases 
nitrogen oxide (NOx) concentration in combustion 
exhaust gas isoffered as object. 

[Constitution] It separates fuel natural gas into rich gps 
where hydrocarbon of fuel andthe carbon number 3 or 
greater where methane concentration rose with pressure 
swing adsorption, is concentrated in theco- v x ^ reesi 
* f» system which designates natural gas as fuel, the 
transition metal it makes NOx selective reducing catalyst 
contact which bearingis done said rich gas in addition to 
combustion exhaust gas, it consists of factthat it restores 
purifies nitrogen oxide in exhaust gas. According to 
this invention, being a natural gas combustion exhaust • 
gas which contains oxygen and themoisture in large 
amount, it is possible to make system which 
decreasesthe nitrogen oxide concentration in exhaust 
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[Clairr(s)] 

[Qaim 1] Is connected to mechanical fuel pressure s 
hrinkage vessel which, prime mover and electric 
generator and heat exchanger at least to possess, Inco- 
v x ^ reesi £ ^ system which designates natural gis 
whichincludes hydrocarbon of carbon number 3 or 
greater as fuel putting, It pressurizes portion or all of 
fuel natural gas in fuel pressureshrinkage vessel, In 
pressure swing adsorption method to depend, It 
separates into rich gas where hydrocarbon of fuel and 
carbon number 3 or greaterwhere methane 
concentration rose is concentrated, When all of fuel 
natural g^s it attaches on separation step, said methane 
concentration rosethe fuel where, In addition when 
portion of fuel natural gas it attaches on separation step, 
burning those which adjust to fuel and remainder of fuel 
natural g^swhere, said methane concentration rose it 
drives prime mover, As combustion exhaust gps 
through combustion exhaust gas line, is introduced into 
nitrogen oxide selectivereducing catalyst which contains 
transition metal, introducing aforementioned rich 
g^sbefore style said catalyst, co- v * * reesi £ A/ 
system of natural gas fuelwhich designates that it 
possesses constitution which it irixeswith combustion 
exhaust g^s, on said catalyst it makes restore it makes 
purify thenitrogen oxide at least as feature. 



[Claim2] Nitrogen oxide selective reducing catalyst, 
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in support of at least 1 kind which is chosenfrom 
alumina , zeolite and silicate, co- v x reesi £ 
A/system of natural gps fuel of Claim 1 statement which 
is a catalyst which ischosen from midst of those which 
metal of at least 1 kind which ischosen from Cu , Co , 
Mn, Fe, Ni , the Zn and Ag bearing are done. 

[Claim 3] Nitrogpn oxide selective reducing catalyst, 
being zeolite which Cu ion exchange bearingis done, 
content of Cuco- vx^ reesi £ ^ system ofthe 
natural gas fuel of Claim 2 statement which is a 0.5~5 
wt% vis-a-vis zeolite weight. 

[Claim4] In either of Claim 1 to 3 which possesses 
constitution which cancollect waste heat with heat 
exchangpr where it provides oxidation catalyst in 
thedownstreamside of nitrogen oxide selective reducing 
catalyst, catalytic combustion does unburned fraction, 
furthermore, is provided in downstream side co- v x 
* reesi £ ^ system of natural gps fuel of statement. 

[Claim 5] Oxidation catalyst, co- v x * reesi <fc A/ s 
ystem of natural gps fuel of Qaim4statement which is a 
catalyst which at least includes noble metal of theone 
which is chosen from Pd, Pt , Rh and theRa 

[Claim 6] Prime mover being expansion turbine, to b 
e, In outlet of fuel pressure shrinkage vessel at least 2 
adsorption column toprovide, In either of Claim 1 to 5 
which it tries to lead fuel natural gas which the increased 
pressure is done to said adsorption column to burn to 
lead to expansion turbine pressurized fuel where methane 
concentration which is discharged from said adsorption 
column rose and expansion turbineand air which was 
pressurized with air compressor which is allottedon 
coaxial incombustor, co- v x £ reesi £ A> system of 
thenatural gas fuel of statement. 

[Claim 7] Prime mover is engine, in either of Claim 1 
to 5 which it tries to burnwith air-fuel ratio 1 or more 
pressurized fuel where methane concentration where it 
provides 2 adsorption columnat least in outlet of fuel 
pressure shrinkage vessel, leads fuel natural gpswhich 
increased pressure is done to said adsorption column, is 
discharged from said adsorption colurmrose in engine 
co- v x ^ reesi system of natural g^s fuel 
ofstatement. 



[000 1] 
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[Description of the Invention] 
[0001] 

[Field of Industrial Application] This invention compared 
to in detail regards co- v x ^ reesi £ ^system which 
can decrease nitrogen oxide concentration in exhaust g^s 
in regard to co- v x * reesi £ A/ system which uses 
natural g^s fuel. 
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[0002] 

[Prior Art] Gas engine and gps turbine co- v x ^ reesi 
£ A/ system which can remove the electric power and 
heat simultaneously recently, due to engine and 
turbinewhich designate city gps as fuel, are spreading 
quickly thatwith energy conservation property and 
economy which are superior. But, major portion of 
region where on one hand, those are installed iscrowding 
area of large city, discharge of nitrogen oxide (NQx) 
becomes theproblem Presently, as NOc-reducing 
method from gas engine exhaust gps, three-element 
catalyst method is applied, butit to be necessary to burn 
with theoretical air-fuel ratio, axial efficiency it ishigh, 
because oxygen of large amount is included in exhaust 
gpsjegprding dilute combustion gps engine which it 
burns with region which exceeds the air-fuel ratio 1 it 
cannot apply three-element catalyst method In addition, 
with g^s turbine, air-fuel ratio is 3 originally fromthe 2, 
oxygen of excess is included by combustion exhaust 
gps and cannotapply three-element catalyst method On 
one hand, there is a ammonia denization method which 
is used withthe combustion-fired power plant etc as 
NQx-reducing method from exhaust g^s which it burnt 
with thiskind of air excess condition. This, ammonia 
under existing of oxygen, NQx and selectivelybeing 
something which utilizes fact that it reacts, in order 
theNQx almost to become equimole, controlling 
ammonia making use ofthe catalyst of V2O5 / Ti02 
type etc, is done by filling. 

[0003] 

[Problems to be Solved by the Invention] But, there is a 
problem that with ammonia denization method, in order 
touse ammonia of toxic, various attached facility being 
necessary, theequipment becomes large-scale, cannot 
apply to NQx-reducing of combustion exhaust gps ofthe 
small scale of center city. Namely, because it becomes 
result which with condition where the ammonia 
becomes excess, ammonia does, slip discharges 
thetoxic gas rather, expensive system where there is a 
Knit in NQx removalefficiency, in addition, NQx 
concentration monitor does in regard to utilityalways 
making use of NQx meter, controls ammonia injected 
amount strictly isnecessary. In addition, as for 
ammonia nitrate removing catalyst, as for exhaust gps 
temperature of dilute combustion gas 
enguieapproxirrately 450 °C, as for exhaust gas 
temperature of g^s turbine it isapproximately a 500 °C 
vis-a-vis use temperature being 300 °C extent, heat 
exchangerin order once to lower exhaust gas 
temperature because of this becomes necessary. 
Furthermore various attached facility being necessary in 
order handling todo, poison gas there is a problem that 
equipment becomeslarge-scale, cannot apply to NQx- 
reducing of co- v x ^ reesi & A/system of city in fact. 
As for this invention, being something which can be 



ISTA's Paterra(tm), Version 1 .5 (There may be errors in the above translation ISTA cannot 

be held liable for any detriment fromits use. WWW: http://www.intlscience.com Tel:800-430-5727) 



JP 93195757A Machine Translation 



[0 0 0 4] 

[BfllS*3trSfc*>a>¥8] *«W%btt* ±E© 

(DBMb***E*X-f>y«* C»T, PSAil*5 
) T?a»Lfc#X*J8«»#X[cai5L*fc, R0Mb* 

X0)-»XH:±»*JK»ai*»z6l\T»EL. E* 

K«*1±Tll(IMI£Clk*-t*. 

ajcttSK OUT. a«a5c««Etl^) I^WA-TSt 



[0 0 0 5] *SSWTil*, |gfS<2)??£T, NOxfK 
;Uzi-T, -fyh'JT, ^y*v7#<h*tf> 



done in order to cancelthis kind of problem, it designates 
that it offers co- v x * reesi £ A/ system of natural gas 
which decreases NQx concentration in combustion 
exhaust gasas object. 

[0004] 

[Means to Solve the Problems] These inventors, as descr- 
iption above considering to problem, when it addsthe gas 
which concentrates hydrocarbon of carbon number 3 or 
greater which is includedin natural gas making use of 
catalyst which bearing it does thespecific transition metal 
to result, zeolite , alumina and silicate etc whichrepeat 
diligent research, with pressure swing adsorption 
(Below, PSA you call) to combustion exhaust gas, 
discovering factthat selectively it can restore NQx, with 
said hydrocarbon made this inventioncomplete. Namely, 
As for co- v x reesi £ A/ system of this invention, 
Is connected to mechanical fuel pressure shrinkage 
vessel which, prime mover and electric generator and 
heat exchanger at least to possess, Being a co- vx* 
reesi «fc Ay system which designates natural gas 
whichincludes hydrocarbon of carbon number 3 or 
greater as fuel being, It pressurizes portion or all of fuel 
natural gas in fuel pressureshrinkage vessel, In pressure 
swing adsorption method to depend, It separates into 
rich gas where hydrocarbon of fuel and carbon number 
3 or greaterwhere methane concentration rose is 
concentrated, When all of fuel natural gas it attaches on 
separation step, said methane concentration rosethe fuel 
where, In addition when portion of fuel natural gas it 
attaches on separation step,burning those which adjust to 
fuel and remainder of fuel natural gaswhere, said 
methane concentration rose it drives prime mover, As 
combustion exhaust gas through combustion exhaust 
gas line, is introduced into nitrogen oxide 
selectivereducing catalyst (Below, selective reducing 
catalyst you call) which contains transition metal, 
introducing aforementionedrich gas before style said 
catalyst, it nixes with combustion exhaust gas, it 
consists ofthe fact that it possesses constitution which it 
makes restoremakes purify nitrogen oxide at least on 
said catalyst. 

[0005] With this invention, under existing of oxygen, N 
Qx selectively thecatalyst (Selective reducing catalyst ) 
in order to restore is used with hydrocarbon As 
selective reducing catalyst, generally, catalyst of solid 
acid oxide ofthe alumina, silicate, silica-alumina , 
zeolite , zirconia , yttria , the titania and magnesia etc 
and bearing is done catalyst etc which havebeen known 
transition metal in those, it is known that it has effect in 
theNQx-reducing in gasoline engine exhaust gas of 
dilute combustion In this case, because high grade 
hydrocarbon is included in said gasoline engine exhaust 
gas, to select torestore NQx it is possible. But, Is 
supplied as city gas of Japan in natural gas which, 
methane 80-90 % , ethane 5-10 % , propane and 
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butane just are included 3-10 %, Furthermore as for 
high grade hydrocarbon because it is almost not included, 
in theexhaust gps of dilute combustion g^s engine, just 
methane which does not contribute to theselection 
restoration ofNQx excessively as hydrocarbon 
hasremained, with extent where also methane is detected 
barelyconcerning g^s turbine exhaust gps, substantially 
as for hydrocarbon is possiblespeaking that it is not 
included completely. 

[0006] Furthermore, moisture very is many in contmsti 
on exhaust g^s of natural gas incomparison with 
combustion exhaust gps of other hydrocarbon fuel, as 
for selectivereduction reaction due to hydrocarbon is a 
problem that is easy to receive obstruction. Especially in 
case of gas turbine, flame temperature is lowered by 
sprayingdoing water and water vapor in combustor, 
because there is many athing which adopts NQx- 
reducing method which holds down occurrence ofthe 
NQx, many moisture than conventional combustion 
exhaust gas are included Until recently, concerning 
mechanism of reaction inhibition by moisture it wasnot 
informed completely, but these inventors, when 
denization with the hydrocarbon when it advances due 
to reaction ofbelow-rrentioned2-stage supposition it 
does, 



N 2 y CO 2 • H 2 O 



CO 9 . Ho 0 



fiP*>* CxHy (O) tO z t(J>mtEL^>\zn't^. Cx 
Hy (O) <hNO x t(DfiJE<©*J^] fclifcSyfgffL 
tel^Zk£%&Ltz 0 Jbl:> BMb**0>iHb3tta> 



Water had obstructed partial oxidation or decomposition 
reaction of hydrocarbon of thefirst step considerably, 
discovered fact that it does not influenceexcessi vely in 
selectivity [Namely, it confronts oxidation reaction of 
CxHy(0) and 02, ratio ofreaction with CxHy(0) and 
NQx] of selective reduction reaction of second step. 
Furthermore, making use of catalyst where oxidation 
activity of hydrocarbon ishigh, with suitable 
temperature region, by filling hydrocarbon from outside 
with the moisture, be able to decrease influence of 
reaction inhibition, fact thatthe selectively it can restore 
NQx in exhaust gas was discovered As for this 
invention it is something which can be done on basis of 
theknowdedge which catches. Namely, Other than 
including moisture, g^s of same composition as 
thecombustion exhaust g^s of natural gps was made to 
contact catalyst time, As for catalyst system, for 
example and kind of -alumina etc which 
hydrocarbonof carbon number 3 or greater which is 
assumed that it contributes to effective inselection 
restoration of NQx, does slip that way, selectivityof 
selective reduction reaction is good even if, being 
something whose NOxremoval efficiency of that time is 
high in fully, when includingthe moisture, oxidation 
activity is not enough and does not withstand 
usecompletely. 
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[0007] Therefore, with this invention, catalyst which tra 
nsition metal bearing is doneis used in order to give 
oxidation activity to support of alumina , the silicate , 
silica-alumina , zeolite , zirconia , yttria , titania and 
the magnesia (It is desirable alumina , zeolite and 
silicate ) etc which originally have selective reducing 
catalyst activity of theNQx. In case of catalyst where 
oxidation activity like platinum family even in transition 
metal is too high because selectivity of selective 
reduction reaction decreases,desirably, at least one those 
which are chosen from midst of the Cu , Co, Mi, Fe, 
Ni , Zn and theAg as transition metal, it is desirable to 
include, content of metal differs largely depending 
upon support whichis used, but between of 20 weight% 
is desirable fromO. 1 weight% as the metal. When it is 
less than this, sufficient oxidation activity cannot be 
obtained, when it ismore than this, decrease of surface 
area of metal is caused, inaddition originally selective 
reduction reaction activity of NQx which supporthas 
decreases. ZSM-5 which most preferably and Cuion 
exchange bearing is done is used forthe zeolite of more 
preferably, mordenite (DANA 77. 1.6.1) , ferrierite 
(DANA 77. 1.6.6) and ZSM-5 etc, makinguse of 
catalyst which bearing does Co or Cu at least. As for 
this catalyst, in order to decrease pressure loss, it is 
desirable,the molding is possible to honeycomb to do 
catalyst itself to use with the honeycomb, but with those 
where strength is not enough, ^ * *> n. coating it is 
possible to honeycomb structure of cordierite etc to do 
catalyst, iris made for example and following way. 

[0008] When support is zeolite, metal bearing is done ea 
sily by theion exchange. Namely, with temperature of 
80 °C extent, Na and proton removaldoing zeolite of Na 
type and proton type, from room temperature by 
soakingin aqueous solution of water soluble salt of 
transition metal, transition metal is done exchange 
loading. This time, as water soluble salt, nitrate salt 
and acetate etc are good. Depending upon types of 
transition metal, suitable pH and metal concentration 
differ,but in case of for example and Cu, as for pH 
approximatelythe 7, as for concentration 0.01M extent 
is desirable. As for zeolite which becomes support pore 
diameter 4-8 Angstrom extent is gpod,in addition 
hydrophobic ones are desirable, ZSM-5 of 20~100, the 
mordenite (DANA 77. 1 .6. 1) and ferrierite (DANA 77. 1 . 
6.6) etc it can use for ideal for example and Si/Al ratio. 
Furthermore, when hydrotreating doing zeolite from 
alumina and thesilica, it coexists transition metal, is 
possible to make take ia Unless case of ion exchange, 
Cu ion exchange is done instability, while using 
becoming CuO, it coheres, it means thatthe activity 
decreases considerably. With zeolite where Si/Al ratio is 
low, when ion exchange ratio (Assuming that Cu 2+ of 
1 mole and Na+ of 2 moleexchange, among all Na, you 
exchanged to Cu ratio) becomes the 100% vicinity, 
cohesion of CuO to advance, on one hand, likethe ZSM- 
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5, with those where Si/Al ratio is high, because quantity 
ofsite which ion exchange it is possible originally 
decreases, exceedingthe exchangeable ion exchange ratio 
in theoretical, when bearing it does, becoming CuO, 
itbecomes easy to cohere. Therefore, as Cu content, 
vis-a-vis zeolite weigjit, 0.5 wt% ~5 wt% , desirably, 
the 1 wt% ~ 3 wt% is desirable. When Cu content is 
less than this, hydrocarbon oxidation it is notpossible 
in fully to disassemble, when it is more than this, 
whileusing CuO coheres, durability decreases. 

[0009] On one hand, when - alumna and silicate etc 
are used as support,it can use impregnation method 
and precipitatioa Namely, - alumina etc of high 
surface area is soaked in aqueous solution of water 
soluble saltof transition metal ( impregnation method ), 
or in aqueous solution of transition metal suspension to 
do the - alumina etc, while agitating extremely, it drips 
aqueous alkali solution of sodium carbonate ,etc 
neutralizes aqueous solution and settles transition metal 
on support ( precipitation ) doing,the bearing it does. 

[0010] Catalyst precursor which transition metal bearing 
is done, suitable binder is added thisway T with slurry 
*?-t*sn. coating it does equally in fire resistance 
honeycomb supportjt dries, calcines and it is possible, 
as honeycomb catalyst also, catalyst precursor 
afterdrying, binder is added, , molding , sintering 
equally in the honeycomb, it is possible as catalytic body. 
On one hand, support of zeolite etc those which ^ * 
v 3- coating are done arecalcined in fire resistance 
honeycomb support, Soaking said sinter in aqueous 
solution of water soluble salt of transition metal, bearing 
itdoes metal, or, zeolite etc in honeycomb it soaks those 
whichthe molding it does in aqueous solution of metal 
salt and bearing is possibleto do, after drying, calcining 
catalyst precursor which bearing it does themetal, with 
this method, honeycomb catalytic body it can obtain 

[001 1] Catalytic body which can this way causes natura 
1 gas occasion where itburnt with air-fuel ratio 1 or more, 
it is used for purification of NQx inthe exhaust gas 
where oxygen exists. Namely, to restore to purify NQx 
in exhaust gas it is possible bymaking gas which adds 
hydrocarbon of carbon number 3 or greater which is 
separatedfrom fuel natural gas into said combustion 
exhaust gas, said catalytic body contact. This time, 
hydrocarbon damages with methane and ethane, 
oxidationhydrolysis reactionto happen difficult, 
oxidation reaction does not advance with reaction 
inhibition of the moisture, selection restoration of NOx 
does not happen in fact. Therefore, with this invention, 
hydrocarbon of carbon number 3 or greater which is 
included inthe fuel natural gas as this hydrocarbon, 
concentrating with PSA, it uses, gas turbine in order to 
burn originally under pressurizing, usually, the electric 
generator etc and has fuel pressure shrinkage vessel of 
coaxial, pressurizesthe fuel to 10 kg/cm2G extent and 
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has supplied to combustor. On one hand, combustion 
exhaust gas almost is atmospheric pressure because, 
natural gas fuel which it pressurized is led to column 
which fills up theadsorbent when, carbon number it is 
many, when component where boiling point is high 
isadsorbed by adsorbent, component where such as 
methane boiling point is lowthe slip does, after constant 
time, stops supply of fuel to the adsorption column that 
way, decreases pressure of adsorption column to 
atmospheric pressure vicinity, thehigji grade 
hydrocarbon which has adsorbed does, desorption can 
obtain gas wherethe high grade hydrocarbon is 
concentrated With this invention, separation with PSA 
in fuel pressure shrinkagevessel and adsorption column 
which is installed between combustor is done, thefuel 
where methane concentration of high pressure rose is 
supplied to combustor, therich gas where high grade 
hydrocarbon concentration which is a off gas rose is 
used for selectionrestoration of NO: in exhaust gas. 

[00 1 2] If as for adsorbent being used with this invention, 
as for necessity tohave possessed special structure like 
molecular sieve it is not and itshould have been, from 
high grade hydrocarbon, something which such as 
activated carbon showsthe kind of characteristic which 
is easy to adsorb with hydrophobicity. When 
conventional activated carbon is used, if temperature of 
adsorbent that tries becomesthe 100 °C -200 °C, 
methane does not completely adsorb, with high pressure 
of the 1 0 kgfcm2G extent, hydrocarbon of carbon 
number 3 or greater can be adsorbed, cyclic which 
theremoval is done can constitute process with ambient 
pressure vicinity, switching time etc of adsorption 
column differs depending upon hydrocarbon catch-up 
quantityof adsorbent which is used, but because it is a 5 
% ~10 % usually, vis-a-vis weight of adsorbent, in 
accordance with conventional method of the for example 
and PSA, with 3 column type, 5 amount, as cycle of the 
entirety from each column 1 rrin, from 3 amount to 
reach 15 amount itshould have tried When switching 
time is too short, when it causes decrease of separation 
efficiencywhich accompanies transient change, is too 
long adsorbent becomesnecessary for large scale. When 
fuel natural gas is used for purge, hydrocarbon of 
carbon number 3 or greater in thePSA off gas is 
concentrated to 3 times or greater. This time, attendant 
upon adsorption column changp, axial load of fuel 
pressureshrihkage vessel fluctuates, as a result, effective 
axial power whichdrives electric generator changes 
barely, but case you cannot ignore thisinfluence, in fuel 
pressure shrinkage vessel outlet buffer tank 
furthermoresuch as is provided should have done. 
Furthermore, if steam pipe for heating is provided in 
adsorption column and thetemperature swing adsorption 
(TSA) is jointly used simultaneously with PSA, 
fiirthmTDreimprovement of separation efficiency is 
possible. 
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[00 1 3] Hydrocarbon of carbon nunnber 3 or greater whi 
ch can this way is concentrated as for therich gas where, 
Aforementioned way it is used for selection restoration 
of theNQx with hydrocarbon in order that, It is filled on 
fronts style sides of selective reducing catalyst, but, Here, 
quantity which said rich gas should add differs degree 
of concentration ofthehydrocarbonof carbon nunnber 
3 or greater, depending upon concentration and oxygen 
concentration etc of theNQx but usually, oxygpn 
concentration in dilute combustion g^s engine and gas 
turbine exhaust gas to be thelS %from 10 %, because 
NQx concentration it is a 200 ppm from 50 ppny n order 
for concentration in exhaust gas of hydrocarbon of 
carbon number 3 or greater tobecome 1000 ppm from 
200 ppm, it should have added If hydrocarbon 
concentration is made high, extent NQx removal 
efficiency which isdone becomes good but, As 
mentioned later, because also concentration of methane 
in exhaust gasrises simultaneously, that necessity 
catalytic combustion doing occurs on theoxidation 
catalyst, but because combustion load in oxidation 
catalyst increases, thetemperature rise with oxidation 
catalyst becomes large, there is a problem that is 
notdesirable hastens deterioration of oxidation catalyst. 

[0014] With this invention, as for selective reducing cata 
lyst 350 °C -600 °C , it is useddesirably with 400 °C 
-500 °C, but aforementioned sort, usually, exhaust gas 
temperatureof dilute combustion gas engine is 
approximately 450 °C, exhaust gas temperature of gas 
turbine isapproximately 500 °C, it enters into desirable 
temperature regioa W^ientenperature is lower than this, 
oxidation disassembly of hydrocarbon doesnot advance, 
in addition when temperature is high, selectivity of 
theNQx reduction reaction decreases, necessary amount 
of hydrocarbon increases. In addition, GHSV (Ga 
seous hourly spac eV elocity) is used in range of 5000 
-100000, is useddesirably in range of 10000-30000. 
When GHSV becomes too large, hydrocarbon doing, 
unreacted way slipwhen NQx removal efficiency 
decreases, is too small catalyst container becomestoo 
largp, there is a possibility pressure loss increasing and 
irrpairingthe characteristic of combustor and prime 
mover itself, is not desirable. 

[0015] This way because, there are times when still, me 
thane or ethane has remainedin exhaust gas which NQx 
selectively is restored depending upon thehydrocarbon 
of carbon nunnber 3 or greater, these catalytic 
combustion it is possible to be able to pointon oxidation 
catalyst. As for oxidation catalyst, it can use, various 
ones such as empty base rretal oxide catalyst and metal- 
bearing catalyst until recently, but because it is necessary 
to burn inert methanewith 400 °C -500 °C, activity 
it is high Pt,Rh, PdandRu etc noble metal type 
catalyst which bearing is done is desirable inthe activated 
alumina etc. In alumina ^ * 5/n coating on for 
example and cordierite honeycomb, Pdl to 5 g/liter 
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extent containing those which are made to dampen, 
should have been usedwith GHSV 10000-100000 vis-a- 
vis volume of apparent of honeycomb structure. When 
quantity of methane etc which should burn is many, 
becausethe terrperature rises quite inside catalyst layer, 
heat resistance support component such as more 
preferably , alkaline earth metal oxide andrare earth 
oxide is made to include inside <5 * v a. coating, 
heat resistance israised In addition, it is possible 
oxidation catalyst as selective reducing catalyst and 
thestructure of one body. This way of , exhaust gas 
which burnt unburnt component passesby heat 
exchanger, is collected waste heat in form of vapor and 
the warm water etc, is supplied to system inside and 
outside. 
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[0016] 

[Working Exarrple(s)] Below, based on the drawing this 
invention which shows Working Example of this 
invention is explained indetail . Figure 1 , when applying 
co- vx^reesi £ Aj system of the this invention to gas 
turbine, is conceptual diagram which shows one 
example, in the diagram and fuel pressure shrinkage 
vessel 1, air compressor 2, expansion turbine 3and 
electric generator 4 are connected by mechanical, fuel 
natural gas 9 which includes thehydrocarbon of carbon 
number 3 or greater increased pressure is done to 10 
kg'crreG extent in fuel pressureshrinkage vessel 1, is 
separated into gas where hydrocarbon ofthe methane 
rich gas and carbon number 3 or greater is concentrated 
with principle of PSA Namely, fuel natural gas 9 which 
increased pressure is done is led by adsorption column 
1 1 whichfills up adsorbent with said pressure, 
hydrocarbon of carbon number 3 or greater is adsorbed, 
the fuel where methane concentration rose is discharged, 
isledto fuel buffer tank 13. On one hand, with time 
interval where adsorbent is saturated, adsorption 
column ischanged, fuel natural gas 9 which increased 
pressure is done is led by adsorption column 12, as 
forthe adsorption column 1 1 purge being done, as for 
off gas where hydrocarbon ofthe carbonnurrber 3 or 
greater is concentrated, is led to rich gas buffer tank 14. 
In order this time, for operation of PSA to be done 
smoothly, itis possible to provide adsorption column of 1 
column or 2 colurm additional. In addition, in order to 
lower methane concentration in off gas, until gasin 
purge of adsorption colurm goes down to constant 
pressure, it is possible tothe fuel natural gas 9 to provide 
line which recycle is done in order to dothe purge in 
fully fromrich gas buffer tank 14 to provide recycle line 
to theadsorption colurm it is possible. In addition, as for 
operating temperature of PSA, in order for characteristic 
ofthe adsorbent to be most utilized, it is adjusted by 
cooler (not shown) which isprovided in fuel pressure 
shrinkage vessel 1 or outlet. When everything of fuel 
natural gas 9 is not led to adsorption column, pressure 
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adjustment valve thewarp X it is possible to provide 
bypass line which reaches to thecombustor 5 from fuel 
1. 
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[0017] On one hand, as for fiiel which is once stored in 
fuel buffer tank 13, the air 10 being air compressor 2, 
with thing and combustor 5 which voltage riseare done 
burns with air-fiiel ratio 2-3 extent. In order this time, 
to decrease occurrence of NOx, sprayingis done 
equipment which may have water vapor and water for 
the combustor 5. gas which comes out of combustor 5 
is led by expansion turbine 3, generatesthe axial power. 
Axial power which occurs is used in fuel pressure 
shrinkage vessel 1 , and compression power of air 
compressor 2 remainder is converted to electric 
powerby electric generator 4. 

[00 1 8] Gas which is discharged from expansion turbine 
3 with approximately theSOO °C, oxygpn 50-100 ppm 
extent includes 10-15 % and NOx ingeneral, but in 
order in this gas, to become 100-1000 ppm extent 
from the rich gas buffer tank 14 PSA off gas, to volume 
concentration of hydrocarbon of carbon number 3 or 
greater, flow adj ustmentdoing, it fills, it reaches to 
selective reducing catalyst layer 6 whichfills up selective 
reducing catalyst of NOx of honeycomb. With said 
catalyst layer 6, NOx mainly is selected is restored by 
hydrocarbonof carbon number 3 or greater, greatly 
concentration decreases. However, this time, as for 
flow adjustment of amount of hydrocarbon which is 
filled, itis not and quantity where you can obtain desired 
NOx removalefficiency compared to it should have 
inserted necessity to do theprecise control like flow 
control of ammonia in ammonia denization methoda 
little more than usual, exhaust gas which comes out of 
selective reducing catalyst layer 6 is led bythe oxidation 
catalyst layer 7, is collected waste heat in exhaust gas 
catalytic combustion after doingthe unburnt 
hydrocarbon, in heat exchanger 8, is discharged as 
exhaust 1 5. This time, NOx concentration and THC 
concentration (All hydrocarbon concentration , 
methane conversion) in exhaust 15 of final,usually, 
respectively, are decreased in 20-50 ppm or less and 
100 ppm or less. 

[0019] Figure 2, when applying co- vx ^ reesi £ A/ s 
ystemof the this invention to dilute combustion gas 
engine, is conceptual diagram which shows one example. 
Same number on same member as Figure 1 it attached 
Because with gas engine, usually, it is normal, not to 
pressurize thefiiel or air like turbine with Figure 2, in 
one for PSAthe fuel pressure shrinkage vessel 1 and 
expansion turbine 1 8 in order to collect itscorrpressive 
pressure, are installed on power axis of engine. When 
this time and compressor etc of turbine type are applied, 
because theresponse for sudden load variation is not 
good, making use of compressor of reciprocationtype 
and PSA equipment etc which fills up adsorbent in 
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compressor main body it isgpod In addition, portion of 
fuel natural gas 9 it attaches on PSA and withthe engine 
1 6 line in order to burn is provided without thing. 

[0020] In system of Figure 2, while reaching to fuel exp 
ansion turbine 18 from fuel pressureshrinkage vessel 1, 
that you explained in regard to Figure 1 thesinilar PSA 
operation is done, fuel and rich g?is where methane 
concentration rosereach to respective fuel buffer tank 13 
and rich gps buffer tank 14. fuel where methane 
concentration rose is led by fuel expansion turbine 18, 
after compressive pressure iscollected, is discharged 
from fuel expansion turbine 1 8, air is nixed with the 
mixer 17, is led by engine 16, burns in said engine 16. 
Next, as for combustion exhaust gps, oxidation of NQx 
restoration and unburned hydrocarbon, waste heat 
collection is done with treatment step which is similar to 
thetreatment which keeps being attached to gas which 
comes out ofthe expansion turbine 3 in regard to Figure 
1. It is possible to adopt supercharged system which 
raises air intake pressure this time^naking use of 
pressure of exhaust. 

[0021] In addition, incase of engine, combustion exha 
ust gps is approximately the450 °C, 100-200 ppm 
other than including NQx, unburn! methane andthe 
hydrogen and carbon monoxide are included Among 
these, hydrogen and carbon monoxide if selective 
reducing catalyst which isdisclosed with this invention 
is used, receive oxidation due to oxygenwith said 
catalyst layer 6. But, methane to have remained even 
with gas of said catalyst layer 6 outlet,flirtherrnore 
because and temperature is low, it is desirable to allot 
theoxidation catalyst layer 7 which fills up oxidation 
catalyst where activity is higji to poststage itis desirable 
to use noble metal type catalyst of Pt , Pd , Rh andthe 
Ru etc. With this system, as for NQx concentration 
and THC concentration in exhaust 1 5 of the final, usually, 
respectively, it is decreased in 40-80 ppm or less and 
the200 ppm or less. 

[0022] Regarding this system, because lean bum engine 
is adopted, electricity generating efficiency theengine of 
theoretical air-fuel ratio combustion compared to 
becomes 5 % high but itcomes to point of bypass doing, 
portion of fuel just the equivalent amount it means to 
decrease electricity generating efficiency. But, greatly it 
can decrease bypass quantity of fuel byconcentrating 
hydrocarbon of carbon nurrber 3 or greater which is 
necessary for therestoration of NQx with PSA 
substantially, it canconstitute co- v x + reesi <fc h 
system whose approximately 4 % electricity generating 
efBciencyis high by holding down decrease of electricity 
generating efficiency under 1 %, incorrparison with 
conventional gps engine co- vx ♦ re esi «fe fo system of 
theoretical air-fuel ratio combustion However, because 
this time, heat recovery means to execute in sameway, 
comprehensive thermal efficiency does not change. 
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Furthermore, this invention it is not something which is 
limited asabove-irentioned example, it modifies 
appropriately and it is possibleto execute. 

[0023] This invention is explained in detail below, on bas 
is of Test Exarrple, butthe this invention is not 
something which is limited as these examples. 

Test Exarrple 1 

It soaked Na type ZSM-5 (Si/Al ratio 35) in ammonia co 
pper nitrate aqueous solution ( Cu 2-h=0.01M and pH = 
approximately 7.5), ^tvi coating it did theCu - 
ZSM-5 ( ion exchange ratio 105 % and copper- 
containing ratio 1 .6 wt% ) which copper ion exchange 
is done, in cordierite support of 200 cell / square inch, 
calcinedwith 550 °C in midst of drying and nitrogen 
atmosphere, obtained the honeycomb catalyst. When in 
reaction tube which 4 cc it fills up said catalyst, with 
the450°C, natural gas when with dilute combustion 
gas engine burning with air-fuel ratio 2, itcirculated gas 
which in order to become 1000 ppm, adds the C3 H8 to 
simulation exhaust gas of composition ( volume base , 
following similarity) which is shown in Table 1 whichis 
suitable, with 2 liter/min (GHSV =30000), measured 
NQx concentration of catalyst outlet with theNQx meter 
of NQx converter equipped cheni luminescence type, it 
was a 65 ppm Furthermore, 100 0 hour reaction was 
continued, but NQx concentration was the75 ppm 
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[0025] Comparative Example 1 

Other than ion exchange ratio of Cu - ZSM-5 which cop 
per ion exchange is done is 30 % (copper content 0.47 
wt%)the honeycomb catalyst was obtained with as 
similar to Test Example 1. Other than using said 
catalyst, when activity test was done with as similar 
tothe Test Example 1, as for NQx concentration of 
catalyst outlet with 125 ppm, furthermore,the propane of 
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600 ppm slip had done, to outlet. As for this catalyst, 
because ion exchange amount of copper is not enough, 
inthe gas which contains water mainly there is not a 
sufficient hydrocarbon oxidationdeconposing 
capability, theactivity as selective reducing catalyst 
becomes low. 

[0026] Comparative Example 2 

Na type ZSM-5 (Si/Al ratio 50) was soaked in ammonia 
copper nitrate aqueous solution ( Cu 2+= 0. 1 Mand pH= 
approximately 7.5), honeycorrb catalyst was obtained 
bearingis done making use of Cu - ZSM-5 (copper 
content 1 0.2 wt%) which, copper ion to similar to the 
Test Example 1. Other than using said catalyst, when 
activity test was done with as similar tothe Test 
Example 1, NQx concentration of catalyst outlet was 75 
ppm, but after 10 0 hour,it had become 125 ppm This 
time, propane 650 ppm was detected to outlet. This 
catalyst, although it is inferior from catalyst of Test 
Exanple 1, showsthe sufficient initial activity, but Cu in 
order to cohere quickly as CuO, inthe gps which 
contains water mainly hydrocarbon 
oxidationdeconposing capability decreases whileusing, 
becomes something which it does not withstand use of 
the long period as selective reducing catalyst of NQx. 

[0027] Test Exanple 2 

Other than designating terrperature as 500 °C making us 
e of gpsof Table 2 which is suitable to simulation 
exhaust gas of water atonization equippedgas turbine 
making use of catalyst which is obtained with Test 
Exanple 1, whenthe NQx concentration of catalyst 
outlet was measured with as similar to Test Example 1 , 
itwas a 30 ppm 

[0028] 



[0029] Test Example 3 

Adsorption column which fills up activated carbon 3 col 
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urm was used, with operating temperature 1 80 °C,the 
city gps (natural gas) of conponent which is shown in 
Table 3 which increased pressure isdone was separated 
into methane main component gas of 8.2 kgfarcG and 
rich gps of the0.3 kgfarCG in 9 kgfcm2G due to PSA 
As a result, conponent and yield in respective gas 
becamelike Table 4. 
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[0032] Test Example 4 

In reaction tube which fills up catalyst 4 cc which is obt 
ained with theTest Example 1 , with 450 °C, gps 2 
liter/nin of Table 1 and g3S 6 cc/nin of therich gas 
composition which is obtained with Test Example 3 it 
circulated g3S whichnixes, when exhaust g^s 
conposition of catalyst layer outlet was analyzed, it 
became like the Table 5, NQx concentration was 
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[0033] 



[0034] Test Example 5 

As^^v^- coating do - alumina mixture which c 
eri urn oxide 25 weigjrl% isincluded in cordierite make 
honeycomb support, impregnation loading point to 
palladium to thesupport which is calcined, from 
palladium nitrate aqueous solution, palladium vis-a-vis 
volumeof apparent of honeycomb support 5 g/liter extent 
included, bearing after doing,in air 3 hours it calcined 
with 700 °C, obtained oxidation catalyst. It filled up 
said oxidation catalyst 4 cc in reaction tube (internal 
diameter 14 mm), circulation it obtained inthesaid 
reaction tube with catalyst layer outlet gas which is 
obtained with Test Example 4, as 500 °G As a result, 
temperature of oxidation catalyst layer outlet reached to 
540 °C, but as forthe methane concentration in said 
catalyst layer outlet gas with 90 ppm, other hydrocarbon , 
as for the carbon monoxide and hydrogen detection so. 
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[0035] 

[Effects of the Invention] Due to this invention with co- 
v x * reesi £ A/ system, Concentrating hydrocarbon 
of carbon number 3 or greater in fuel natural gas, as 
reductant to use, In addition because selective reducing 
catalyst where oxidationhydrolysis reaction of 
hydrocarbonis not obstructed with moisture is used, 
efficiently be able torestore NOx in exhaust gas, in 
addition like conventional ammonia denitrationmethod 
when it is not necessary not to use toxic gas, to possess 
theseparate reductant, furthermore NOx countermeasure 
doing with decrease of electricity generating efficiencyin 
comparison can be held down to trace. Therefore, 
according to this invention, NQx effluent amount it is 
little, drivingsvhere electricity generating efficiency is 
high becomes possible. 
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[Brief Explanation of the Drawings)] 

[Figure 1] With conceptual diagram which shows one ex 
ample of system of this invention, theexample which is 
applied to gps turbine co- vx^ reesi £ A/ system 
isshown. 

[Figure 2] With conceptual diagram which shows one ex 
arrple of system of this invention, theexarrple which is 
applied to dilute corrbustion gas engine co- & x ♦ 
reesi £ A/ system isshown. 

[Explanation of Reference Signs in Drawings] 

1 fuel pressure shrinkage vessel 

2 air compressor 

3 expansion turbine 

4 electric generator 

5 combustor 

6 selective reducing catalyst layer 

7 oxidation catalyst layer 

8 heat exchanger 

9 fuel natural g^s 

10 air 

1 1 and 12 adsorption column 

13 fuel buffer tank 

14 rich g^s buffer tank 

15 exhaust 

16 engine 

17 mixer 

18 fuel expansion turbine 
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